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Abstract 
Pistacia chinensis Bunge is one of ideal species for producing biodiesel. The tree has several outstanding characters: 
drought resistance, tolerance to cold climate, poor, acid or alkaline soils and widely distributed in China. These 
characters make P. chinensis as a prospective energy plant of second generation to substitute fossil fuels, solve 
energy crisis and reduce greenhouse gas emissions. However, its basic agronomic properties, biological characters 
and the taxonomic classification of the species are less known. In this paper, we described its distribution, basic 
morphology and biological characteristics, multiple uses and problems for large scale cultivation. 
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1. Introduction 
Driven by general sustainable energy targets and specic biofuel targets to curb green house gas (GHG) 
emissions, the use of biofuels have been steadily increased globally in the last decades [1]. People make 
great efforts on exploiting multiple energies to complement the shortage of the fossil fuel supply, the 
increasing demand of energy and the rising prices of oil. The feedstocks for first generation biofuel are 
conventional food and feed crops. In Europe and USA, the main oil crops for producing bio-diesel are 
rapeseed and soybean [2]. However, the increased production of biofuel has an upward effect on food 
prices or food crisis due to its competition with the land for food production [3-5]. Hereafter, many 
countries focus on the second-generation biofuels in order to develop a sustainable biofuel industry [3]. In 
China, the woody oil plants, such as Jatropha curcas and Pistacia chinensis Bunge which is suitable for 
growing on marginal soils, have been considered to be ideal plants for second generation biofuel.  
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Jatropha curcas is a famous biofuel plant, and has been well studied by several groups in worldwide 
[4-6]. But Jatropha curcas is a tropical plant, which restricts its plantation in other zones of broad 
temperate [7]. In addition, the critical defect is that its tissues contain toxic proteins, which severely 
affects environmental safety and its multipurpose use [8,9]. Unlike Jatropha curcas, P. chinensis can 
grow in temperate, subtropical, tropical regions and well adapt to harsh conditions and poor quality soils. 
P. chinensis also has some comprehensive advantages in oil yield and its conversion rate, bio-diesel 
quality, geographical distribution, adaptability, economic benefits cycle which can not be replaced by 
other trees. Therefore, the plant is considered as an important source of bio-diesel in China[10-12]. 
Meanwhile, it is found that the oil of P. chinensis mainly composed by fatty acids with carbon chain 
length 16-18 is much closed to the main component of the fossil diesel (C15 ~ C19)[11]. The results of 
Jin Jiang Bio-energy Technology Co., Ltd. show that bio-diesel from P. chinensis can meet the light 
diesel standard of U.S., the EU and China [12].  
However, P. chinensis is basically an uncultivated species in Chinese mountain regions, and its 
cultivation is very recently [13]. Here we described the distribution, the general morphology and 
biological characteristics, the multiple uses, the problems for large-scale cultivation of P. chinensis to 
promote the knowledge of this plant and its extensive utilization in biomass energy. 
2. Geographic distribution  
P. chinensis is a native and wide-range distribution species of China. Previous studies indicate that P.
chinensis can be successfully introduced in the coastal saline zone [14,15]. Therefore, P. chinensis is one 
of potential tree species for the utilization of these marginal areas which comprise more than 39% of 
world’s dry land area [16]. P. chinensis is distributed in the wild mountain areas from northern latitude 
18°09′ to 40°09′ and eastern longitude 96°52′ to 123°14′, across subtropical and tropical regions, in about 
24 provinces of central to south China (Fig. 1). Its vertical distribution is usually from elevation 400 to 
700m [17-19].  
3. Evolution and classification of Pistacia
Pistacia is believed to originate from central Asia 80 million years ago [20,21]. Two centers of 
diversity have been described. One comprises the Mediterranean region of Europe, Northern Africa, and 
the Middle East. Another comprises west and central Asia [21,22].  
 
Figure1. Horizontal distribution of P. chinensis in China [17]. 
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Based on morphological characters, Zohary divided the genus into four sections: Lentiscella Zoh., Eu 
Lentiscus Zoh., Butmela Zoh. and Eu Terebinthus Zoh.(containing P. chinensis, P. vera L.) [23]. The 
fourth section is composed of deciduous trees with unwinged leaf rachis and sclerified drupes. Several 
methods including morphological, anatomical, cytological, palynological, physiological and molecular 
analyses have also been used to identify Pistacia species and construct their phylogenetic relationships 
[20,21,23-26]. However, there still exist some confusion and disagreements on Pistacia classification [27]. 
4. The morphology and biological characteristics of P. chinensis Bunge 
P. chinensis grows in different areas, but mainly in cinnamon and limestone regions [28,29]. The 
natural secondary forest distributes at the sunny or semi-sunny slope below the altitude of 800m. 
Generally, places with more than 300mm annual precipitation can resume its normal growth. Natural 
distribution of P. chinensis displays three types: concentration area, sub-concentration area and scattered 
area [17]. P. chinensis is a dioeciously, deciduous arbor with small to medium-sized native to central and 
western China. The adult tree is 9 to 15m in height, exceptionally up to 25 to 30m. It usually has juvenile 
period of about 12 years before flowering and lifespan of more than 300 years[18,19,28,30]. 
4.1. Morphology of P. chinensis Bunge  
P. chinensis is a kind of heliophile with flourishing taproots and continuous lateral roots (Fig. 2). The 
well-developed root system makes it endure wind, and has the characteristics of drought-resistance, poor 
environment tolerance and other wide range of adaptability [19,29].  
Barks of P. chinensis are rough and grayish. Twigs are photogenic powder hair. Buds are red with 
special odor. Leaf shape is papery, base oblique, margin entire, apex acuminate or long acuminate. The 
both sides of the leaf are minutely pubescent along midrib and lateral veins and with prominent venation. 
Petiole is minutely pubescent with flattened above; leaf blade is imparipinnately compound with 1-14 
opposite leaflets [19,30-32]. Fig. 3 shows the stem, bud and leaf of P. chinensis.  
The structure of P.chinensis stem and leaf was observed by using conventional paraffin sectioning. 
The primary structure of the stem is composed of one-layer-celled epidermis, 7-8 layer-celled cortex, 
annularly distributed vascular and tannin-rich pith(Fig. 4) [33]. Leng et al compared the leaf structure of 
P. chinensis with P. vera, the results show that two species have similar leaf structure [34] (Fig. 5).  
 
 
 
 
 
 
 
 
 
 
Figure 2.  Root of P. chinensis. A one year plant (a) grows in            Figure 3.  Stem, bud and leaf of P. chinensis. a: stem of 
greenhouse was uprooted for showing its whole roots (b), lateral        adult P. chinensis, b: bud, c: neonatal leaf, d: leaf. 
 roots (c) and taproots (d).  
Flowers of P. chinensis blossom from March to April before leafing(Fig. 6). Male inflorescence is 6-
7cm in length with clustered branches, and has 2 lanceolate bracteoles and 2 linear-lanceolate tepals about 
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1.5mm in length. There are 4-5 stamens in each floscule with pistillode absent. Filament is less than 
0.5mm, anther oblong is about 2mm. Female inflorescence is lax with 15-20cm long, has 2-4 linear-
lanceolate bracteoles and 5 ovate; globose ovary is glabrous, stigmas thick, red and 0.5mm in diameter.  
P. chinensis usually bears fruits during september to November. The drupe is obovate globose, slightly 
compressed, 5mm in diameter. The fruits of P. chinensis are red-colored and green in the initial stage, 
turning blue-green when ripen. The fruits remaining pink at mature season are the empty or undeveloped 
seed [17,19,30,32] (Fig. 7). 
4.2. Reproduction 
The reproduction of the plant in nature is by seeds of litter or bird spread [19]. P. chinensis has a rest 
stage, the autumn sowing seeds without any processing can achieve the germination ability after low 
temperature experience through the winter, but the seeds for spring sowing must be stored in sand 
reservoir for more than three month at 2-8ºC before seeding or be accomplished by mechanical damage 
[35,36]. 
4.3. Cytogenetic and molecular genetic of Pistacia 
Chromosomal data have been valuable tools for cytogeneticists and breeders [37,38]. But genetics and 
cytogenetics addressing the genus Pistacia are rather few. Chromosome numbers of the different Pistacia 
species are questionable due to the fact that poor chromosome counting protocols were used [39]. 
Previous studies show that all Pistacia species are diploid with chromosome numbers 2n=24, 28, 30. Al-
Saghir suggested that the primitive basic number for the genus was 2n=30, the 2n=28 and 2n=24 species 
might be two reductions occurred in the genus (from 2n=30 to 2n=28; then from 2n=28 to 2n=24) [40]. 
Chromosome number of P. chinensis was reported as 2n=24 [41,42]. 
 
 
Figure 4. Transverse section of stem [33]. The stem is composed    Figure 5. Leaf anatomy of P. chinensis [34].The Mesophyll is 
of one-layer cell epidermis and 7-8-layer-cell cortex, annularly        composed of one-layer palisade tissue and several-layer spongy 
 distributed vascular and tannin-rich pith (a) and secretory duct        tissue (a), its main vein is composed of three  vascular  bundles 
(b) with 1-3 endocrine roads in the phloem (b). 
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Figure 6. Flower of P. chinensis. a: male flower, b: stamens， c: pollen, d: female flower, e: bracteoles, f: overy and stigmas. 
Parfitt and Badenes were the first to provide a classification of 10 Pistacia species at the molecular 
level [20]. The pollen isozyme patterns of nine different enzymes in P. lentiscus, P. terebinthus and P. 
vera were studied by Louskas and Pontikis in order to assay inter-specific relationships [43]. Katsiotis et 
al. used RAPD and AFLP to explore the relationships of native and introduced Pistacia species in Greece 
[26]. Javanshah et al. identified a New Phenotype (Siah Barg) of Pistachio (P. vera L.) with shiny-
blackish green leaves using RAPD assay [44,45]. Kafkas et al. attempted to use molecular markers to 
diagnose and select a genotype based on a linked DNA marker, long before the phenotype is apparent[46]. 
4.4. The chemical composition and fatty acid characteristics of P. chinensis 
P. chinensis  is one of ideal species for producing biodiesel. Data from Hu et al. reveal that the seeds
contain water 6.13%, oil 34.46%, protein 10.58%, crude fiber1.28% and ash 5.07%. Its oil content of 
kernel is much high, even over 50% [47]. The oil of P. chinensis contained oleic acid 47.32%, linoleic 
acid 31.58%, linolenic acid 1.69%, palmitic acid 17.50%, palmitic acid 0.99%, stearic acid 0.92%. The 
physical and chemical properties of seed oil are as follows: iodine value of 35%, saponification value 193, 
oleic acid 51.6%, linoleic acid 28.3%, palmitic acid 15.6%, linolenic acid 2.1%, sixteen carbon acid 1.2%, 
stearic acid 0.9%, meat nutmeg acid 0.3%[48].  
Tannin, which is supposed to be hydrolytic tannin with D-glucose as molecular backbone, is one of the 
most abundant chemical in the plants. The tannin content is 14.52% in leaves and 20-30% in gallnut [49]. 
More useful chemicals are also isolated from plants tissues. Sixteen compounds were isolated from 
ethyl acetate extract of the edible part (buds and inflorescence) of P. chinensis [50]. 
Besides, 99 chemical compounds were detected in the volatile oil of leaves by gas 
chromatography/mass chromatography assays, including many kinds of long-chain aliphatic 
hydrocarbons, terpenoids, palmitic and aromatic alcohol [51,52].   
4.5. Insect pest and disease 
Insect pest is one of the most important factors affecting the fruit yield of P. chinensis. The four main 
species in China are as follow: Eurytoma plotnikovi Nikolskaya mainly damages the fruits of the P. 
chinensis and P. vera L. [53,54]. Culcula panterinaria Bremer at Gray feeds on the buds and leaves of P.
chinensis [55]. Chaetogeoica folidentata Tao spends winter in the ways of eggs in the grass around the 
Pistacia plant. The eggs hatch from early May, and forms gall in the leaves [56]. Locastra muscosalis 
Walker mainly damages leaves, leaf epidermis and mesophyll in early larvae and larvae stage [53]. 
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Agonoscena cyphonopistae Li sucks leaves and twigs in nymphs and adults age, causes severe leaf drop 
[53]. In addition, P. chinensis may suffer a number of diseases such as blight caused by fungi of the 
Rhizoctonia solani, Pythium and Fusarium [53,57].  
 
Figure 7. Seeds of P. chinensis. a: tender fruits, b: immature fruits, c: mature fruits in branches, d: ripe fruits.  
4.6. The multiple uses of P. chinensis 
P. chinensis  is horticulturally planted as a border tree in temperate areas worldwide due to its 
attractive red or blue fruit and foliage colour alternation with the season change. The wood can be well 
used in many aspects  for its high quality of strong, dense texture and fine structure. 
Leaf, bud and inflorescence of the plant with fragrant can be processed as tea or be pickled for eating 
vegetables. Meanwhile, l-5-year-old seedlings of P. chinensis are used as rootstock for P. vera, an 
economic value species, to improve its yield off-mits and to increase its economic performance because 
of the strong adaptability and stress resistance [58,59].  
The oil produced by this tree is esculent. But recently, it is found that the oil can be easily converted to 
liquid biofuel with good quality and environmental friendship. The flesh and seed oil content is about 
50% and 42% respectively, and the average fruit oil content is about 35%. Its long life-span means that it 
can produce consecutive economic benefits for many years. The plant with a trunk diameter of 15cm can 
produce 50-100kg of fruits, while the yields of a single tree can reach to 100-150kg [48,60,61].  
The tannin content is 14.52% in leaves and 20-30% in gallnut. After acid hydrolysis, the extracted 
tannin can form gallic acid which is an important intermediate for synthesis of TMP and can also be used 
in many aspects [49]. The fresh leaves also contain 0.12% of aromatic oil which is very expensive and 
can be utilized for many purposes. In traditional Chinese medicine, all parts of the plant can be applied as 
medicine for treating dysentery, inflammatory swelling, psoriasis, rheumatism and other illnesses.  
5. Problems and prospect 
The current researches about P. chinensis are basically reported from China and mainly focus on the 
resource survey, cultivation techniques, chemical composition, insect control, bio-diesel preparation and 
stress resistance, etc. As far as our knowledge, the main problems for large-scale popularization are as 
follows: 
5.1. Long juvenile period 
P. chinensis has a long juvenile period of about twelve years. No economic benefits during juvenile 
period seriously affects people's enthusiasm for large-scale plantation [19,30,32]. One important approach 
to get the early-maturing plants is to create and select mutants by mutagenesis through either physical, 
chemical methods or biological methods [62,63]. Another important approach is to deliver key genes 
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controlling flowering (e.g. gene LEAFY) to P. chinensis to obtain early-flowering plants [64]. In addition, 
grafting the matured branches of P. chinensis to the understock during juvenile stage may have the 
grafted branch yield in 2-3 years. Of course, the intercropping may improve the efficiency of the land 
utilization, enhance the economic effects and promote people’s enthusiasm for the plantation of P. 
chinensis. 
5.2 Ratio of male to female 
P. Chinensis is a dioecious plant. High fruit production needs a balance between male and female. The 
problem is the gender of P. Chinensis can not be identified during juvenile period. Thus the ratio of male 
to female in the artificial forest can not be controlled, which is the key influencers in the seed yield of P.
chinensis. Thus it is urgent to establish fast and stable methods by biochemical, genetic and/or molecular 
biology technique for gender determination in early period. 
5.3. Stem longth 
P. chinensis is a medium-sized tree. Its height can reach 25-30m which causes inconvenience for fruit 
harvest. To meet the biofuel production, brachysm species will have wonderful application prospect. The 
approach to get brachysm species can be carried out through mutagenesis breeding. Grafting and pruning 
are helpful in improving the plant architecture.  
5.4. Insect control 
P. chinensis lose about 20-50% fruits because of pest insect and even 100% in heavy occurrence year 
[53,54,57]. The traditional methods, including physical control, chemical and biological prevention or 
integrated ways, are difficult to obtain satisfactory results due to implementation difficulties or high cost. 
Therefore, the ideal approach is to develop the pest resistant varieties through breeding or genetic 
engineering to transfer single or multiple genes with broad pest resistant characters. 
5.5. Germplasm resource and breeding 
At present, the seeds for forest development are collected from wild trees. There are many excellent 
germplasm resources in the natural forest. But it is difficult to propagate the fine varieties through seeds 
due to its long juvenile period as well as its high heterozygosis. Asexual reproduction-based techniques 
are very useful and effective ways in preservation and propagation of fine germplasm resources. Among 
them, the rapid propagation technique is the most useful tool at large-scale propagation for fine quality 
variety.  
P. chinensis belongs to the genus of Pistacia. The complex chemical compositions make it very 
difficult for callus induction, differentiation and regeneration. Previous studies show that P. chinensis 
contains high content of polyphenols which is the main reason for browning in the processing of tissue 
culture. Achievements in these aspect from P. vera which containing similar chemical composition and 
structural properties bring hopes for the breakthrough in those of P. chinensis [65-68]. 
In summary, P. chinensis with well environment adaptation is suitable for planting in most areas of 
China. It can be planted as a border tree and cultivated in barren hills and wasteland to improve the 
environment, and also can be used as a fine biodiesel tree species with comprehensive value. 
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